Introduction {#Sec1}
============

Boundary-layer flow over a surface is one of the fundamental fluid dynamical problems in understanding the aerodynamical properties such as the wall shear stress, drag, etc. For example for the fluid flow over a flat plate(Blasius flow), the wall shear stress is 0.336152. The same problem was then extended by Falkner-Skan by considering the flow over a wedge and gave a numerical solution for different pressure gradients. The same Blasius problem later modified by Sakiadis^[@CR1]^ in which the flat plate is allowed to move or stretch along its own axis with sufficiently large Reynolds number in a still fluid, the calculated wall shear stress is 0.4696. In the above studies, either the surface or the fluid is assumed to be at rest. However, there are industrial applications in which both surface and fluid are moving. This case apparently is significant in aerodynamics. This situation is extensively studied in the literature (Klemp & Acrivos^[@CR2]^; Riley & Weidman^[@CR3]^; Sachdev *et al*.^[@CR4]^; Kudenatti *et al*.^[@CR5],[@CR6]^, Fang^[@CR7],[@CR8]^) in different aspects. Riley & Weidman^[@CR3]^ have shown that there are multiple solutions to the problem when the wedge surface is considered to move in the same or opposite direction to that of mainstream flows. On the other hand, there are also numerous papers that considered the Sakiadis problem and the same is extended in different aspects, for example, the boundary-layer flow due to a stretching sheet in a still fluid finds various applications in an extrusion of plastic sheets, paper production, polymer sheet extrusion, metal spinning, glass blowing, etc. The boundary-layer flow in the presence of magnetic field (Andersson *et al*.^[@CR9]^; Cortell^[@CR10]^; Ishak *et al*.^[@CR11]^; Prasad *et al*.^[@CR12]^; Reddy *et al*.^[@CR13]^;Turkyilmazoglu^[@CR14]^; Sharma *et al*.^[@CR15]^), porous medium (Cortell^[@CR16]^; Mishra & Singh^[@CR17]^; Singh *et al*.^[@CR18]^), heat and mass transfer (Afzal^[@CR19]^; Ishak *et al*.^[@CR20]^; Cortell^[@CR21]^; Hayat *et al*.^[@CR22]^; Kudenatti *et al*.^[@CR23]^; Kudenatti & Jyothi^[@CR24]^), nanofluid (Khan & Pop^[@CR25]^; Turkyilmazoglu^[@CR26]^; Ziami *et al*.^[@CR27]^ Othman *et al*.^[@CR28]^; Dinarvand *et al*.^[@CR29]^), micro-polar fluid (Ishak *et al*.^[@CR30]^) etc.

The above mentioned hydrodynamic problems essentially show that the boundary-layer forms either due to the stretching of surface or forms over the moving (or at rest) wedge surface, and the resulting mathematical equations look similar but their description of motion is entirely different. Denoting $\documentclass[12pt]{minimal}
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                \begin{document}$${U}_{w}(x)$$\end{document}$ as the velocity of the mainstream and the wedge surface respectively, let $\documentclass[12pt]{minimal}
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                \begin{document}$$\varepsilon $$\end{document}$ be the ratio of the wedge velocity to the mainstream velocity. The parameter $\documentclass[12pt]{minimal}
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                \begin{document}$$\varepsilon $$\end{document}$ mathematically simplifies and unifies the above mentioned two boundary-layer flow problems for $\documentclass[12pt]{minimal}
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                \begin{document}$$\varepsilon =1$$\end{document}$ (see section 2 for details). In other words, the mathematical equation for $\documentclass[12pt]{minimal}
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                \begin{document}$$\varepsilon =0$$\end{document}$ that represents the boundary layer flow due to a stretching surface whose solution is substantially different from the boundary-layer flow over a constant wedge ($\documentclass[12pt]{minimal}
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                \begin{document}$$\varepsilon =1$$\end{document}$). In this line of studies, Afzal^[@CR31]^ derived a new type of boundary-layer flow problem by modifying the similarity transformations that produce $\documentclass[12pt]{minimal}
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                \begin{document}$$\varepsilon $$\end{document}$ into it and solved numerically. Kudenatti^[@CR32]^ revisited the same problem and solved it by uniformly valid convergent series solution in the range of $\documentclass[12pt]{minimal}
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                \begin{document}$$\varepsilon \in [0,0.5]$$\end{document}$. Recently, Karkera *et al*.^[@CR33]^ extended it by including the magnetic field and attempted the Haar wavelet-based numerical technique and compared their results with existing literature for various $\documentclass[12pt]{minimal}
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                \begin{document}$$\varepsilon $$\end{document}$ values. In the present problem, a unified mathematical model is again derived for the hydrodynamic boundary-layer flow of a power-law fluid (Ostwald- De Waele) over a wedge, since the flow of non-Newtonian fluid has ample applications in chemical industries.

There are numerous applications of power-law fluids in various manufacturing industries. Sewage sludge, china clay, oil-water emulsion, cosmetics, paints, synthetic lubricants, biological fluids, jam, jellies, etc are some of the non-Newtonian fluids (Schowalter^[@CR34]^; Bird *et al*.^[@CR35]^, Andresson & Irgens^[@CR36]^; Shenoy & Mashelkar^[@CR37]^, etc). For these fluids, the viscosity or apparent viscosity essentially depends on the shearing rate. Acrivos *et al*.^[@CR38]^ theoretically analyzed the power-law fluid flow and heat transfer over a surface considering various external surfaces. Mitschka & Ulbrecht^[@CR39]^ and Andersson *et al*.^[@CR40]^ have numerically presented the basic solutions for the shear-thickening and shear-thinning power-law fluids. However, the solutions shown by these authors did not match the mainstream properly. This issue is later fixed by Denier & Hewitt^[@CR41]^ by modifying the similarity solutions of the boundary-layer flow for shear-thinning and shear-thickening fluids. Ishak *et al*.^[@CR42]^ considered the boundary-layer flow of power-law fluid over a moving wedge for which the model shows non-unique solution structures which are similar to the Newtonian case. The linear stability of Griffith *et al*.^[@CR43]^ shows that the stationary spiral instabilities observed experimentally can be exactly described by shear-thinning fluids. Griffiths^[@CR44]^ has discussed the stability of shear-thinning boundary-layer flow of the power-law fluids in which the base flow is obtained using the similarity transformations of the Prandtl boundary layer equations for non-Newtonian fluid. He further discusses that the viscosity of the power-law fluid remains unbounded for shear-thinning fluid which is unphysical. Denier & Dabrowski^[@CR45]^ have identified a non-unique solution to the shear-thickening and shear-thinning fluid flow in the boundary-layer. They further have shown asymptotically that the decaying of shear-thinning solutions into the mainstream is strongly algebraic.

In the present study, an attempt is made to predict the steady boundary-layer flow behaviour of a non-Newtonian power-law fluid over a stretching surface or a moving wedge whose speed is approximated in terms of the power of the distance from the leading edge of the boundary-layer. This work may be regarded as an extension of the flow problem encountered by Kudenatti^[@CR32]^ to a class of non-Newtonian fluid known as Ostwald-de-Waele fluid. Since the resultant equation is highly nonlinear, we employ the Chebyshev collocation method(CCM) for the computation of the pertinent results. The CCM is a powerful technique to predict flow behaviour in the boundary-layer. There are very few papers that use CCM in the context of boundary-layer, however, for nonlinear or mild nonlinear see^[@CR46]^.

Organization of the paper is as follows. We discuss the formulation of the problem in section 2 and the self-similar solutions are computed with suitable similarity transformations. The methodology applied to solve the flow problem is discussed in detail in section 3. To assess the nature of these obtained numerical solutions, we predict the flow behaviour of the system asymptotically from a large distance away from the origin of the boundary layer in section 4 known as far-field behaviour. Section 5 enunciate the results and the corresponding hydrodynamics is discussed in detail and a brief conclusion of the study is made in section 6.

Formulation {#Sec2}
===========

We study the laminar flow of a steady, incompressible non-Newtonian power-law fluid over a semi-infinite moving wedge or due to a stretching sheet in a two-dimensional space. Let the streamwise coordinate along the wall be $\documentclass[12pt]{minimal}
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                \begin{document}$$x$$\end{document}$ and normal to the wall be $\documentclass[12pt]{minimal}
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                \begin{document}$$z$$\end{document}$ (refer Fig. [1](#Fig1){ref-type="fig"} for detailed geometric representation). The flow is governed by the two-dimensional Navier-Stokes equation accompanied by continuity equation$$\documentclass[12pt]{minimal}
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                \begin{document}$$\rho (v\cdot \nabla )v=-\,\nabla p+\nabla \cdot \tau $$\end{document}$$where ***v*** = $\documentclass[12pt]{minimal}
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                \begin{document}$$(u,v)$$\end{document}$ is the velocity vector, $\documentclass[12pt]{minimal}
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                \begin{document}$$\rho $$\end{document}$ is the density of the fluid, $\documentclass[12pt]{minimal}
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                \begin{document}$$\tau $$\end{document}$ is the deviatoric stress tensor. The stress tensor for the power-law fluid is depicted by the relation$$\documentclass[12pt]{minimal}
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                \begin{document}$$\dot{{\boldsymbol{\gamma }}}$$\end{document}$ is the second invariant of the strain-rate tensor and the constitutive viscosity relation is described by the Ostwald-de Waele power-law model (Bird *et al*.^[@CR35]^)$$\documentclass[12pt]{minimal}
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                \begin{document}$$\mu =-\,{\mathscr{K}}|\dot{{\boldsymbol{\gamma }}}{|}^{m-1}\mathrm{}.$$\end{document}$$Figure 1A schematic diagram representing boundary-layer formation in two distinct mathematical models under consideration.
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                \begin{document}$$m$$\end{document}$ respectively denote the consistency index and the degree of non-Newtonian behavior of the fluid (Denier & Dabrowski^[@CR45]^). The equations governing the model are non-dimensionalized with appropriate dimensionless variables$$\documentclass[12pt]{minimal}
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                \begin{document}$$(x{\prime} ,z{\prime} )=\left(\frac{x}{L},\frac{z}{\delta L}\right),(u{\prime} ,v{\prime} )=\left(\frac{u}{U},\frac{v}{\delta U}\right),p{\prime} =\frac{p}{\rho {U}^{2}},$$\end{document}$$to obtain$$\documentclass[12pt]{minimal}
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                \begin{document}$$\frac{\partial u{\prime} }{\partial x{\prime} }+\frac{\partial v{\prime} }{\partial z{\prime} }=0$$\end{document}$$$$\documentclass[12pt]{minimal}
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                \begin{document}$$\delta \left(u{\prime} \frac{\partial v{\prime} }{\partial x{\prime} }+v{\prime} \frac{\partial v{\prime} }{\partial z{\prime} }\right)=-\,\frac{1}{\delta }\frac{\partial p{\prime} }{\partial z{\prime} }+\frac{1}{Re}\left(\frac{\partial {\tau }_{x{\prime} z{\prime} }}{\partial x{\prime} }+\frac{\partial {\tau }_{z{\prime} z{\prime} }}{\partial z{\prime} }\right)$$\end{document}$$where $\documentclass[12pt]{minimal}
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                \begin{document}$$U$$\end{document}$ are appropriate scale factors for reference quantities to length and mainstream velocity respectively and $\documentclass[12pt]{minimal}
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                \begin{document}$$\delta $$\end{document}$ denotes boundary-layer thickness. The non-Newtonian viscosity $\documentclass[12pt]{minimal}
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                \begin{document}$$\mu $$\end{document}$ is referred to as an apparent viscosity $\documentclass[12pt]{minimal}
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                \begin{document}$${\tau }_{ij}={\mu }_{app}\left(\frac{\partial {u}_{i}}{\partial {x}_{j}}+\frac{\partial {u}_{j}}{\partial {x}_{i}}\right)$$\end{document}$$$$\documentclass[12pt]{minimal}
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                \begin{document}$${\mu }_{app}={\mathscr{K}}{|2{\left(\frac{\partial u}{\partial x}\right)}^{2}+2{\left(\frac{\partial v}{\partial z}\right)}^{2}+{\left(\frac{\partial u}{\partial z}+\frac{\partial v}{\partial x}\right)}^{2}|}^{\frac{m-1}{2}}\mathrm{}.$$\end{document}$$

From ([7](#Equ9){ref-type=""}) in terms of ([5](#Equ5){ref-type=""}) we have$$\documentclass[12pt]{minimal}
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Further, the dimensionless apparent Reynolds number for the non-Newtonian fluid exhibits the form$$\documentclass[12pt]{minimal}
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                \begin{document}$$Re=\frac{\rho {U}^{2-m}{L}^{m}}{{\mathscr{K}}}$$\end{document}$$which reduces to the Newtonian fluid when $\documentclass[12pt]{minimal}
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                \begin{document}$$m=1$$\end{document}$. To this end, the two-dimensional boundary layer flow of non-Newtonian fluid is studied in which a single mathematical equation unifies two types of boundary-layer flows: over a moving wedge of an included angle $\documentclass[12pt]{minimal}
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                \begin{document}$$\pi \beta $$\end{document}$ and due to nonlinear stretching of the surface. In the former case, for the flow of mainstream fluid $\documentclass[12pt]{minimal}
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                \begin{document}$$U=U(x)$$\end{document}$ at high Reynolds number the viscosity effects are confined to a small region near the immediate vicinity of the wall, known as the boundary-layer region (Yuan^[@CR47]^; Kudenatti^[@CR5]^). In the latter situation, the boundary-layer forms in a still fluid ($\documentclass[12pt]{minimal}
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                \begin{document}$$U(x)=0$$\end{document}$) due to stretching of the surface with large Reynolds number (Acheson^[@CR48]^). These two flow problems have been mathematically combined into a single equation that is derived for the first time in the literature. Substituting ([8](#Equ11){ref-type=""}) in ([6](#Equ6){ref-type=""}) and making use of the fact that $\documentclass[12pt]{minimal}
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                \begin{document}$$Re$$\end{document}$ is large and using the other boundary layer approximations and retrieving back to original variables, we get$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\frac{\partial u}{\partial x}+\frac{\partial v}{\partial z}=0$$\end{document}$$$$\documentclass[12pt]{minimal}
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                \begin{document}$$u\frac{\partial u}{\partial x}+v\frac{\partial u}{\partial z}=-\,\frac{1}{\rho }\frac{dp}{dx}+\frac{{\mathscr{K}}}{\rho }\frac{\partial }{\partial z}\left({|\frac{\partial u}{\partial z}|}^{m}\right).$$\end{document}$$

The conditions appropriately describing the flow are$$\documentclass[12pt]{minimal}
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The boundary conditions ([11](#Equ15){ref-type=""}) infer that the velocity of the fluid over the wedge surface asymptotically approaches the freestream far away from the wedge. Here $\documentclass[12pt]{minimal}
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                \begin{document}$$U(x)$$\end{document}$ is the mainstream velocity and $\documentclass[12pt]{minimal}
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                \begin{document}$${U}_{w}(x)$$\end{document}$ is the velocity with which the wedge or stretching sheet moving in the boundary layer and approximating these velocities in a power-law manner$$\documentclass[12pt]{minimal}
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                \begin{document}$$n$$\end{document}$ are arbitrary constants. The above forms exhibit a self-similar solutions in the boundary-layer in the Ostwald-de Waele fluid (Schowalter^[@CR34]^). Further, from Bernoulli's theorem for an incompressible flow of non-Newtonian fluid over a moving wedge, we have with $\documentclass[12pt]{minimal}
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                \begin{document}$$u=U$$\end{document}$ on the edge of the boundary layer$$\documentclass[12pt]{minimal}
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                \begin{document}$$-\,\frac{1}{\rho }\frac{dp}{dx}=\{\begin{array}{ll}0 & {\rm{for}}\,U(x)=0\,({\rm{a}}\,{\rm{still}}\,{\rm{fluid}})\\ U\frac{dU}{dx} & {\rm{for}}\,{\rm{moving}}\,{\rm{mainstream}}.\end{array}$$\end{document}$$

Consequently, the momentum Eq. ([10b](#Equ14){ref-type=""}) becomes, in general$$\documentclass[12pt]{minimal}
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                \begin{document}$$u\frac{\partial u}{\partial x}+v\frac{\partial u}{\partial z}=U\frac{dU}{dx}+\frac{{\mathscr{K}}}{\rho }m{|\frac{\partial u}{\partial z}|}^{m-1}\frac{{\partial }^{2}u}{\partial {z}^{2}}.$$\end{document}$$
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                \begin{document}$$U(x)=0$$\end{document}$ in ([14](#Equ19){ref-type=""}) and otherwise ([14](#Equ19){ref-type=""}) holds good for moving fluid. Accordingly, we define a single unified set of similarity transformations$$\documentclass[12pt]{minimal}
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In this paper, an attempt has been made to study the non-Newtonian fluid effects on the two-dimensional boundary layer flow for different $\documentclass[12pt]{minimal}
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Computational procedure {#Sec3}
=======================

In recent years, the Chebyshev collocation methods are gaining wide popularity since the methods are robust and provide solutions which complements precisely the physical nature of the flow. While the CCM is well known for linear or mildly nonlinear fluid mechanics problems, the application of CCM to the problem in question is non-standard. We stress that the problems involving non-Newtonian fluid, we have not observed how to apply CCM. Thus, briefing the details of CCM is definitely of interest in its own right. We discuss the methodology below.
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Large *η* asymptotics {#Sec4}
=====================

In order to validate the presented numerical results achieved using CCM, we also perform asymptotic analysis for the system ([18](#Equ23){ref-type=""}) and ([19](#Equ24){ref-type=""}) when $\documentclass[12pt]{minimal}
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Using the transformations$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${\mathscr{S}}(\eta )=\hat{{\mathscr{S}}}(\hat{\eta }),\,\hat{\eta }=\frac{\varepsilon {\eta }^{2}}{m(m+1)}$$\end{document}$$in ([42](#Equ47){ref-type=""}), we get$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\hat{\eta }\hat{{\mathscr{S}}}{\prime\prime} (\hat{\eta })+\left(\frac{1}{2}+\hat{\eta }\right)\hat{{\mathscr{S}}}{\prime} (\hat{\eta })-\beta \left(\frac{n+1}{2}\right)\hat{{\mathscr{S}}}(\hat{\eta })=0$$\end{document}$$which has a solution$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{array}{rcl}\hat{{\mathscr{S}}}(\hat{\eta }) & = & {e}^{-\hat{\eta }}\sqrt{\hat{\eta }}[{c}_{1}{\mathscr{U}}\left(\frac{1}{2}(2+(m+1)\beta );\frac{3}{2};\hat{\eta }\right)\\  &  & +\,{c}_{2} {\mathcal L} \left(-\frac{1}{2}(2+(m+1)\beta );\frac{1}{2};\hat{\eta }\right)]\end{array}$$\end{document}$$where $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\beta =\frac{2n}{1+(2m-1)n}$$\end{document}$, $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${\mathscr{U}}(\cdot ,\cdot ,\cdot )$$\end{document}$ and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${\mathscr{L}}(\cdot ,\cdot ,\cdot )$$\end{document}$ are the confluent hypergeometric function of second kind and Laguerre function respectively, and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${c}_{1}$$\end{document}$ and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${c}_{2}$$\end{document}$ are arbitrary constants (Abramowitz & Stegun^[@CR51]^ and Andrews^[@CR52]^). The special functions $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${\mathscr{U}}$$\end{document}$ and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${\mathscr{L}}$$\end{document}$ can be further transformed into the confluent hypergeometric function of first kind using$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{array}{rcl}{\mathscr{U}}(\hat{a},\hat{b},\hat{z}) & = & \frac{\pi }{\sin (\hat{b}\pi )}[\frac{{\mathscr{M}}(\hat{a},\hat{b},\hat{z})}{\Gamma (1+\hat{a}-\hat{b})\Gamma (\hat{b})}\\  &  & -\,{\hat{z}}^{1-\hat{b}}\frac{{\mathscr{M}}(1+\hat{a}-\hat{b},2-\hat{b},\hat{z})}{\Gamma (2-\hat{b})\Gamma (\hat{a})}],\end{array}$$\end{document}$$$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$ {\mathcal L} (\hat{a},\hat{b},\hat{z})=\frac{\Gamma (\hat{a}+\hat{b}+1)}{\Gamma (1+\hat{a})\,\Gamma (1+\hat{b})}{\mathscr{M}}(\,-\,\hat{a},1+\hat{b},\hat{z}).$$\end{document}$$

Therefore, utilizing ([47](#Equ52){ref-type=""}), ([46](#Equ51){ref-type=""}) can be rewritten in original variables ([44](#Equ49){ref-type=""}) as$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{array}{rcl} {\mathcal L} (\eta ) & = & {e}^{-\frac{\varepsilon {\eta }^{2}}{m(m+1)}}\sqrt{\frac{\varepsilon {\eta }^{2}}{m(m+1)}}\,[-\sqrt{\pi }\,{c}_{1}(2\frac{{\mathscr{M}}\left(1+\Delta ;\frac{3}{2};\frac{\varepsilon {\eta }^{2}}{m(m+1)}\right)}{\Gamma \left(\frac{1}{2}+\Delta \right)}\\  &  & -\,\sqrt{\frac{m(m+1)}{\varepsilon {\eta }^{2}}}\frac{{\mathscr{M}}\left(\frac{1}{2}+\Delta ;\frac{1}{2};\frac{\varepsilon {\eta }^{2}}{m(m+1)}\right)}{\Gamma (1+\Delta )})\end{array}$$\end{document}$$$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{array}{lll} &  & +\,{c}_{2}\frac{2}{\sqrt{\pi }}\frac{\Gamma \left(\frac{1}{2}-\Delta \right)}{\Gamma (\,-\,\Delta )}\,{\mathscr{M}}\left(1+\Delta ;\frac{3}{2};\frac{\varepsilon {\eta }^{2}}{m(m+1)}\right)].\end{array}$$\end{document}$$where $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\Delta =\frac{(m+1)}{2}$$\end{document}$. Employing the first condition $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${\mathscr{S}}(0)=1-2\varepsilon $$\end{document}$ in ([48](#Equ54){ref-type=""}) gives$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${c}_{1}=\frac{1}{\sqrt{\pi }}(1-2\varepsilon )\,\Gamma (1+\Delta ).$$\end{document}$$

To eliminate $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${c}_{2}$$\end{document}$, we utilize another relation$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${\mathscr{M}}(\hat{a},\hat{b},\hat{z})=\frac{{e}^{\pm i\pi \hat{a}}{\hat{z}}^{-\hat{a}}\Gamma (\hat{b})}{\Gamma (\hat{b}-\hat{a})}+\frac{{e}^{\hat{z}}{\hat{z}}^{\hat{a}-\hat{b}}\Gamma (\hat{b})}{\Gamma (\hat{a})}.$$\end{document}$$

In view of ([51](#Equ57){ref-type=""}) for $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\hat{\eta }=\frac{\varepsilon {\eta }^{2}}{m(m+1)}\to \infty $$\end{document}$ as $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\eta \to \infty $$\end{document}$ in ([48](#Equ54){ref-type=""}) gives $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${c}_{2}=0$$\end{document}$. Thus, the complete solution is$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{array}{rcl}{\mathscr{S}}(\eta ) & = & 2(2\varepsilon -1)\sqrt{\frac{\varepsilon {\eta }^{2}}{m(m+1)}}\frac{\Gamma \left(\frac{2+(m+1)\beta }{2}\right)}{\Gamma \left(\frac{1+(m+1)\beta }{2}\right)}{e}^{-\frac{\varepsilon {\eta }^{2}}{m(m+1)}}\\  &  & \times \, {\mathcal M} \left(\frac{2+(m+1)\beta }{2};\frac{3}{2};\frac{\varepsilon {\eta }^{2}}{m(m+1)}\right)\\  &  & +\,(1-2\varepsilon )\,{e}^{-\frac{\varepsilon {\eta }^{2}}{m(m+1)}}\, {\mathcal M} \left(\frac{1+(m+1)\beta }{2};\frac{1}{2};\frac{\varepsilon {\eta }^{2}}{m(m+1)}\right).\end{array}$$\end{document}$$

Employing Kummer's transformation, we arrive at$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{array}{rcl}\phi {\prime} (\eta ) & = & \varepsilon +2(2\varepsilon -1)\sqrt{\frac{\varepsilon {\eta }^{2}}{m(m+1)}}\frac{\Gamma \left(\frac{2+(m+1)\beta }{2}\right)}{\Gamma \left(\frac{1+(m+1)\beta }{2}\right)}\\  &  & \times \,{\mathscr{M}}\left(\frac{1-(m+1)\beta }{2};\frac{3}{2};-\frac{\varepsilon {\eta }^{2}}{m(m+1)}\right)\\  &  & +\,(1-2\varepsilon )\,{\mathscr{M}}\left(\frac{\,-\,(m+1)\beta }{2};\frac{1}{2};-\,\frac{\varepsilon {\eta }^{2}}{m(m+1)}\right).\end{array}$$\end{document}$$

For $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$m < 1$$\end{document}$ (shear-thinning fluids) Denier & Dabrowski^[@CR45]^ have derived the asymptotic expression$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\phi {\prime} (\eta )=1-{\left(\frac{1-m}{2m}\right)}^{\frac{m}{m-1}}\left(\frac{2m}{m+1}\right){\eta }^{\frac{m+1}{m-1}}+\cdots $$\end{document}$$for zero-pressure gradient $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$n=0$$\end{document}$ and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\varepsilon =1$$\end{document}$. This form certainly predicts the far-field behavior, but with larger domain. Nevertheless, the solution given by ([53](#Equ59){ref-type=""}) is valid for all $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$m$$\end{document}$, $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$n$$\end{document}$ and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\varepsilon $$\end{document}$ and effectively captures ([54](#Equ60){ref-type=""}) as a special case. The solution for $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${\mathscr{S}}(\eta )$$\end{document}$ and hence the velocity profile is given by ([53](#Equ59){ref-type=""}). Some of the velocity profiles $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\phi {\prime} (\eta )$$\end{document}$ obtained from ([53](#Equ59){ref-type=""}) are shown in Fig. [3](#Fig3){ref-type="fig"} for different $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\varepsilon $$\end{document}$ and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$m$$\end{document}$ values.Figure 3Velocity profiles for the shear-thinning ($\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$m=0.6$$\end{document}$) and shear-thickening ($\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$m=1.4$$\end{document}$) boundary layer flow over a moving wedge(or stretching sheet) for $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\varepsilon =0.2$$\end{document}$ and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\varepsilon =0.8$$\end{document}$ with $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$n=0.5$$\end{document}$ demarcated by velocity profiles for the Newtonian fluid flow ($\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$m=1.0$$\end{document}$). These results are obtained by asymptotic solution ([53](#Equ59){ref-type=""}).

From Fig. [3](#Fig3){ref-type="fig"}, it is noticed that, all the velocity shapes are decaying to the mainstream flow asymptotically. This validates the assumption ([41](#Equ46){ref-type=""}) that $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${\mathscr{S}}(\eta )$$\end{document}$ in ([52](#Equ58){ref-type=""}) tends to zero as $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\eta \to \infty $$\end{document}$. The solution ([53](#Equ59){ref-type=""}) takes smaller domain to satisfy the end condition which assures the exponential-type decay of the solutions. The expression ([54](#Equ60){ref-type=""}) given by (Denier & Dabrowski^[@CR45]^) is valid for $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$m < 1$$\end{document}$ and decays to the mainstream algebraically. However, the solution ([53](#Equ59){ref-type=""}) is valid even for $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$m > 1$$\end{document}$, $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$m=1$$\end{document}$, $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$m < 1$$\end{document}$ as is clearly seen in Fig. [3](#Fig3){ref-type="fig"} and for any $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\varepsilon $$\end{document}$. For $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\varepsilon =1$$\end{document}$, it is further observed that the boundary layer thickness is found to be decreasing for increasing $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$m$$\end{document}$ value. This is in agreement with those given by Agarwal *et al*.^[@CR53]^ who have studied the boundary layer flow of non-Newtonian fluid over a thin needle.

Numerical results and discussion {#Sec5}
================================
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In order to realize the velocity profiles in the two-dimensional boundary layer in the power-law fluids, we have plotted the velocity shapes $\documentclass[12pt]{minimal}
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Conclusions {#Sec6}
===========

The present work deals with the hydrodynamic flow a non-Newtonian power-law fluid (Ostwald-de Waele fluid) model past a moving wedge or a stretching sheet in a unified manner. The wedge/sheet is assumed to move/stretched with a velocity varying as the power of the distance from the leading edge of the boundary-layer along with the freestream. With the help of suitable similarity transformations, the governing partial differential equation system was then reduced to the non-linear ordinary differential equation and then solved numerically by Chebyshev collocation technique. The application of the collocation method for the problem under consideration is first of its kind hence we propose an asymptotic solution which is in validation with these numerical results. The model was discussed for the shear-thinning and shear-thickening power-law fluids, and a comparison was made with the Newtonian solutions. Results for the skin friction coefficient, velocity profiles as well as viscosity profiles are presented for different values of the governing parameters. It is noticed that the wall-shear stress increases with an increase in $\documentclass[12pt]{minimal}
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